control of clinical signs associated with EP. 2 Studies suggested reducing prevalence in the breeding herds which in turn may reduce spread of disease to piglets. 8 However, antemortem estimation of herd prevalence and the ability to obtain herd-specific isolates for sensitivity testing is required to establish baseline data to support future research. In the recent past, several studies comparing antemortem diagnostic techniques to detect M. hyopneumoniae have been published. 5, 9, 10 Comparison of lung tissue and bronchoalveolar lavage fluid (BALF) of M. hyopneumoniae-affected piglets revealed a higher sensitivity for lung tissue. 10 In another study, 4 different antemortem sampling techniques, namely tracheobronchial mucus collection (TBMC), BALF, nasal swabs, and tonsil scrapings were compared for their ability to detect M. hyopneumoniae-infected piglets using real-time polymerase chain reaction (qPCR). 5 The study revealed a 3.5 times higher sensitivity for TBMC samples as compared to the other sample types. 5 However, these studies have each focused on individual analysis of collected samples, which can be quite expensive for screening large swine operations with low M. hyopneumoniae prevalences.
In the present study, 2 diagnostic investigations are reported. The first investigation identified a suitable protocol for both sample collection and diagnostic testing for M. hyopneumoniae, whereas the second investigation applied the selected protocol to 4 sow farms across the state of Iowa to assess litter prevalence of M. hyopneumoniae in the preweaned piglet population.
Thirty-two weaned pigs, from a commercial sow farm in Iowa, showing clinical signs of respiratory disease were submitted for diagnostic evaluation. a The TBMC method was utilized in our study as previously described 5, 9 with some modifications. 19 Nasal swabs were collected, and TBMC was performed antemortem, while deep airway swabs (down to the tracheobronchial split), BALF, and lung tissue, from the cranial lung lobes, were collected postmortem from each pig. All samples were stored on ice after collection until analysis. a In an effort to identify the optimal sample site and DNA extraction method for detection of M. hyopneumoniae, a qPCR assay, using 3 separate extraction methods (viral, total nucleic acid [TNA], and high volume), was run on each sample (32 pigs × 5 samples × 3 extraction methods), for a total of 480 qPCR reactions. The viral and high volume extractions were performed using an RNA/DNA nucleic acid commercial extraction kit b according to the manufacturer's recommendations. The third extraction was a total nucleic acid extraction that was performed using a different commercial kit c following the manufacturer's recommended protocol for oral fluids. Each extraction method was carried out on a particle processor d using the processor program specific for each extraction method. e Following extraction, the nucleic acid templates were used in a qPCR f reaction according to manufacturer's recommendations. g Based on the initial results, pooling potential was assessed for the TBMC samples. Nine individual samples, all of which had originally tested positive, were pooled at a 1:5 and a 1:10 dilution, where 1 known positive sample was pooled with 4 or 9 known negative samples, respectively. The pooled threshold cycle (Ct) values using the 3 extraction methods were compared with the original individual Ct values.
For the second investigation, minimum inclusion criteria were as follows: no use of any antibiotics effective against Mycoplasma species in either piglets or sows for at least 3 weeks prior to sampling, and the presence of at least 20 gilt litters, 20 litters from parity 2 or parity 3 sows, and 20 litters from sows currently in their fourth parity or greater on the farm in a single weaning group. Lactating sows from each of the nonclinical case farms (sow farms 1-3) were assigned a group number based on their current parity (gilts, group 1; parity 2 or 3 sows, group 2; and fourth parity or above sows, group 3). Up to 10 piglets from 20 litters per group from the 3 sow farms were sampled using the TBMC technique for a possible total of 600 piglets per farm sampled (10 piglets × 20 litters × 3 groups). In our study, samples were pooled in groups of 5 per litter so that all litters had 2 pools of samples and the litter was designated the experimental unit. Ten piglets were sampled at random if >10 piglets per litter were present. If <10 piglets per litter were present, all piglets in the litter were sampled, and the first 5 samples in the litter were pooled together and the remaining samples were then pooled. If >20 eligible litters per group were present on the farm, litters were sampled at random. All sampled piglets were between 12 and 25 days of age. From sow farm 4, 32 individual piglets exhibiting signs of respiratory disease were chosen for sample collection with the TBMC technique between 13 and 20 days of age. All samples were tested individually.
Each sample or sample pool was analyzed using a validated M. hyopneumoniae p183 real-time PCR. a,17 Briefly, nucleic acid was extracted from TBMC using a high-volume extraction technique as described above. For the pooled samples, 150 µL from each sample was collected from the individual tube and pooled with the 4 other samples (or the remaining samples) from the same litter. The results of both PCR tests were recorded for each litter (n = 180) from sow farms 1-3. If either pooled PCR identified a positive sample, the entire litter was considered positive for M. hyopneumoniae. The results of the individual PCR tests from sow farm 4 were also recorded for each piglet (n = 32).
Statistical analysis was completed using commercial software. h A linear mixed model was conducted with the Ct values as the response variable, the method of PCR extraction and sample collection technique as the fixed effects, and the individual pig selected as the random effect. Pairwise comparisons were performed among methods of PCR extraction and among sample collection technique.
The results from the first diagnostic investigation are summarized in Table 1 . Nasal swabs gave the lowest frequency (6.3% positive), whereas the TBMC samples provided the highest frequency with 59.3% of the pigs being qPCR positive. Results showed that sample collection method also had a significant effect on the Ct value (P < 0.0001; Table 2 ). Pairwise comparisons revealed the markedly lower sensitivity of using nasal swabs and that the predicted least squares mean Ct value for the TBMC technique was lowest compared with the other 4 sample collection methods ( Table 2 ). Based on these observations, TBMC was chosen for the field protocol. Using all extractions, 17 piglets (53.1%) with a negative nasal swab tested positive utilizing the TBMC sample ( Table 1) . The linear mixed model also showed that extraction method had an overall effect on the Ct value (P < 0.01). The interaction between extraction technique and sample collection method was not significant (P > 0.05). Pairwise comparisons of extraction technique revealed a significant difference between the Ct values of the viral (Ct = 32.9) and TNA (Ct = 29.5) extraction methods (P < 0.05), whereas pairwise comparisons between viral and high-volume (Ct = 32.1) extraction methods and high-volume and TNA extraction methods were not statistically significant (P > 0.05). The results of the pooling statistics indicated that when pooling the samples at a 1:5 and 1:10 dilution, the overall categorical outcome of the Ct value (as positive or negative) changed the least times using the high-volume extraction method. Based on a Ct cutoff value of 37, the highest sensitivity was obtained using the 1:5 dilution step. Based on all of these results, high-volume extraction and the 1:5 dilution were decided as the preferential approach for the field study.
The M. hyopneumoniae qPCR results from the pooled litters from sow farms 1-3 are shown in Table 3 . Of the 180 litters sampled, 2 litters (1.1%; 95% confidence interval: 0%, +2.62%) returned positive qPCR results. Of the 32 piglets sampled from sow farm 4, 5 individuals (16.7%) returned positive qPCR results (data not shown).
Understanding the prevalence of M. hyopneumoniae in the swine population is important information when considering management of herd outbreaks and routine herd health monitoring. Nasal swabs have been the method of sample collection in the past for antemortem herd detection. 1 However, there have been several studies 7, 9, 14 reporting the use of more sensitive sampling techniques for detecting M. hyopneumoniae by PCR. These sampling methods, although more sensitive, are conducted postmortem. Other reports 5,10,20 evaluating antemortem testing in combination with PCR have indicated that the ideal sampling sites are located in the lower respiratory tract of pigs, thus samples targeting the trachea and bronchi are more likely to yield M. hyopneumoniae organisms. A previous study 5 reported a technique that combines both antemortem testing capabilities with increased sensitivity; tracheobronchial swabbing proved to be 3.5 times more sensitive than nasal swabbing. 5 To the authors' knowledge, no studies in the research literature can be found to apply this novel sampling technique to assess prevalence of M. hyopneumoniae in United States' swine herds.
The results of both diagnostic investigations presented in this research suggest that TBMC is the most sensitive antemortem test available to assess true prevalence of M. hyopneumoniae in the pig population. The overall litter prevalence in the nonclinical preweaned pig population from our study was low (1.1%) and in agreement with a 2013 study 11 that reported a prevalence of 3.6% in the weaned pig population. However, the 2013 study 11 assessed the prevalence at the piglet level, whereas in our study, prevalence was determined at the litter level. A 2015 study was conducted using this TBMC technique in Benelux pig herds without specific respiratory disease. 19 The study showed a higher M. hyopneumoniae prevalence of at least 7.1% at 3-5 weeks of age, increasing to 10.9% at 6-11 weeks of age. 19 A potential explanation for this high prevalence might be that piglets in the youngest group were between 21 and 35 days of age, whereas in our study, the age at sampling was between 12 and 25 days of age. Although it is suggested that M. hyopneumoniae can be isolated in pigs as early as 1 week old, it is shown that prevalence increases with age, peaking at around the late nursery to early finishing stage. 19 Moreover, seasonal variations 19 and batch-to-batch variations 6 also have a significant impact on the prevalence of M. hyopneumoniae in early postweaning piglets. Therefore, it is possible that the piglets sampled in our study were truly negative for M. hyopneumoniae. Instead of targeting piglets at the age of weaning, it may be more fitting to assess the prevalence of M. hyopneumoniae in nursery-age piglets. In this scenario, it is likely that the combination of recent stressful events (weaning, movement, commingling) may initiate higher bacterial loads in the herd. The low disease prevalence reported in our study is consistent, to a degree, with previous research. 6, 11, 14 Using nasal swabs, the prevalence of M. hyopneumoniae in the weaned pig population was found to be low with quite a large batchto-batch variation. 6 A previous study 11 reported a M. hyopneumoniae prevalence of 3.6% in the weaned pig population utilizing nasal swabs for sample collection and nested PCR for detection in clinically affected herds, while a 2007 study 14 reported a prevalence of 3.8% in 3-week-old piglets from sows in a herd with EP issues. However, the study design of these studies was different from the current study, as all samples were collected in M. hyopneumoniae clinical herds, whereas in our study, piglets were sampled from nonclinical farms. Another report, 21 using nasal swabs and nested PCR, found a disease prevalence of 16% in 6-week-old pigs clinically infected with EP. This value agrees with the prevalence estimate from the clinically affected sow farm 4. The increase in prevalence between the nonclinical and clinical sow farms suggest that this TBMC technique may be most judiciously applied to diseased herds to detect changes in the prevalence of M. hyopneumoniae that might have relevance for predicting performance of offspring or timing application of interventions. 
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